Background
==========

The use of antimicrobials in hospitals has been increasing in recent years, and over a third of antibiotics are not prescribed compliant with guidelines \[[@b1-medscimonit-24-4240]\]. Physicians should be aware of the benefits and risks of prescribing antimicrobials. They should know whether it is beneficial to prescribe an antimicrobial, which antimicrobial to prescribe, and the dosage and treatment duration of it. Improper use of antimicrobials may cause undesired adverse drug events (ADEs) and high costs \[[@b2-medscimonit-24-4240]\].

Potential drug--drug interactions (PDDIs) are among the leading preventable causes of ADEs. In hospitalized patients, it was estimated that 17% of all preventable ADEs were caused by DDI and that approximately 1% of hospitalized patients experienced an ADE due to DDI \[[@b3-medscimonit-24-4240]\]. PDDIs may also cause treatment failure besides the ADE, which is an important cause of morbidity, mortality, and high health care costs \[[@b4-medscimonit-24-4240],[@b5-medscimonit-24-4240]\]. Polypharmacy, many prescribers, and advanced age are the defined risk factors for occurrence of PDDIs \[[@b6-medscimonit-24-4240]\]. PDDIs may occur with antibiotics, and physicians should control the PDDIs when prescribing antibiotics, just as with other medicines. Antimicrobials are among the leading drug groups in the general PDDIs studies, and the status of the PDDIs with antimicrobials is not very clear \[[@b6-medscimonit-24-4240],[@b7-medscimonit-24-4240]\]. Because of insufficient data, in the present study we investigated the frequency and type of PDDIs with only antimicrobials in hospitalized patients.

Material and Methods
====================

Setting and study population
----------------------------

This multicenter, observational, point-prevalence study was conducted on the same day (15 July 2016) in 5 different hospitals in Turkey:

1.  Cukurova University Hospital (CUH), a 1200-bed tertiary care hospital located in the Mediterranean region.

2.  Adana Numune Training and Research Hospital (ANTRH), a 910-bed tertiary care hospital located in the Mediterranean region.

3.  Zonguldak Bulent Ecevit University Hospital (ZBEUH), a 527-bed tertiary care hospital located in the West-Black Sea region.

4.  Kahta State Hospital (KSH), a 150-bed secondary care hospital located in the Southeast Anatolia region.

5.  Kirikkale University Hospital (KUH), a 200-bed tertiary care hospital located in the Middle Anatolia region.

Hospitalized patients who were aged ≥18 and received at least 1 administration of intravenous or oral antimicrobials and at least 1 of any other drug were included in the study ([Figure 1](#f1-medscimonit-24-4240){ref-type="fig"}). All medications and clinical data for patients were collected from the electronic hospital data management system and treatment charts of the patients. Demographic and clinical characteristics of patients, administered antimicrobials, and other drugs with generic names were recorded. Ethics Committee approval was obtained from Cukurova University Medical Faculty.

Potential drug--drug Interactions
---------------------------------

A PDDI was defined as 2 potentially interacting drugs that were administered concomitantly. Micromedex® online drug reference was used to control and define the types of PDDIs \[[@b8-medscimonit-24-4240],[@b9-medscimonit-24-4240]\]. Drug interactions were classified into 4 main levels based on the severity:

1.  Contraindicated: The drugs are contraindicated for concurrent use.

2.  Major: The interaction may be life-threatening and/or require medical intervention to minimize or prevent serious adverse effects.

3.  Moderate: The interaction may result in exacerbation of the patient's condition and/or require an alteration therapy.

4.  Minor: The interaction would have limited clinical effects. Manifestations may include an increase in the frequency or severity of the adverse effects, but generally would not require a major alteration in therapy.

Statistical analysis
--------------------

Statistical analysis was performed using SPSS 20.0. Descriptive statistics are presented using percentages, median, min-max values, means, and standard deviations. The variables were investigated using Kolmogorov-Smirnov test to determine whether they were normally distributed. The patients were divided into 2 groups due to whether they had PDDIs with antimicrobials or not. The *t* test or Mann-Whitney U test for continuous variables and chi-square or Fischer exact test for discrete variables were used for univariate analysis between these 2 groups. For the logistic regression analysis, the possible factors identified with univariate analysis were further entered into the logistic regression analysis to determine independent predictors of PDDIs risk. A p-value of less than 0.05 was considered to be statistically significant.

Results
=======

We included 427 patients in the study, with a mean age of 57±18 years and 208 (48.7%) were males. Number of patients, mean ages, sex, number of the patients in internal medicine clinics, and surgical clinics according to different hospitals are shown in [Table 1](#t1-medscimonit-24-4240){ref-type="table"}. There were 108 patients (25.3%) hospitalized in intensive care units (ICU).

Drugs were administered a total of 2799 times, and 673 (24.0%) of them were antimicrobials. The median number of drugs and antimicrobials per patient were 6 (min: 1, max: 16) and 1 (min: 1, max: 6), respectively. There were 579 PDDIs detected in 229 patients (53.6%).

There were 153 PDDIs detected in 97 (22.7%) patients, considering only antimicrobial drug interactions. PDDIs with antimicrobials were 26.4% of all PDDIs. Five (42.0%) of 12 contraindicated PDDIs and 61 (38.0%) of 159 major PDDIs were with antimicrobials ([Table 2](#t2-medscimonit-24-4240){ref-type="table"}).

While cephalosporins and carbapenems were the most commonly prescribed antimicrobials (23.0% and 19.3% respectively), there were no PDDIs with these antimicrobials. On the other hand, quinolones, triazoles, metronidazole, linezolid, and clarithromycin were 173 of 673 prescribed antimicrobials (25.7%), but they were responsible for 141 (92.1%) of 153 PDDIs ([Table 3](#t3-medscimonit-24-4240){ref-type="table"}, [Figure 2](#f2-medscimonit-24-4240){ref-type="fig"}). The most common PDDIs (contraindicated, major, moderate, minor) with antimicrobials are shown in [Table 4](#t4-medscimonit-24-4240){ref-type="table"}.

In univariate analysis ([Table 5](#t5-medscimonit-24-4240){ref-type="table"}), comparing PDDI and non-PDDI groups in terms of age (p=0.465), sex (p=0.133), and patients hospitalized in ICUs or in other clinics (p=0.348), no statistically significant difference was found between the groups. The patients hospitalized in the internal medicine clinics and university hospitals were more likely to be exposed to PDDIs than the patients hospitalized in surgical clinics and non-university hospitals (p=0.01 and p=0.005, respectively). Additionally, the median number of prescribed antimicrobials was 2, and the median number of other prescribed drugs was 8 in the PDDI group, whereas these medians were 1 and 6, respectively, in the non-PDDI group, and there were statistically significant differences between the groups (p\<0.0001 and p\<0.0001).

In multivariate analysis, number of prescribed antimicrobials (odds ratio: 2.3001, 95% CI: 1.6237--3.2582), number of prescribed drugs (odds ratio: 1.2008, 95% CI: 1.0943--1.3177), hospitalization in a university hospital (odds ratio: 1.7798, 95% CI: 1.0035--3.1564) were independent risk factors for developing PDDIs. The logistic regression model predicted occurrence of PDDIs with sensitivity of 78% (the area under the ROC curve was 82%).

Discussion
==========

The prevalence of PDDIs in hospitalized patients is approximately 60% \[[@b10-medscimonit-24-4240]\]. Despite this high prevalence, a small proportion (\<5%) of PDDIs cause clinically important ADEs \[[@b3-medscimonit-24-4240]\]. However, the absolute number of patients affected is high, representing a considerable proportion of ADEs, and these ADEs may be very simply prevented by physician awareness, monitoring, and drug dosage adjustment \[[@b11-medscimonit-24-4240]\]. There are many studies in the medical literature about PDDIs in general or specific populations, including geriatric, pediatric, and cardiac patients \[[@b4-medscimonit-24-4240]--[@b7-medscimonit-24-4240],[@b10-medscimonit-24-4240],[@b12-medscimonit-24-4240],[@b13-medscimonit-24-4240]\]. However, studies related to drug interactions with antimicrobials are very limited. In this study, we focussed only on the PDDIs related to antimicrobials.

Polypharmacy is defined as the use of many drugs at the same time. Various studies have shown that polypharmacy is an important risk factor for the occurrence of PDDIs \[[@b6-medscimonit-24-4240],[@b14-medscimonit-24-4240]--[@b17-medscimonit-24-4240]\]. Similarly, we found that patients with PDDIs were using more drugs and antimicrobials than were the other patients. Occurrence of PDDIs with antimicrobials is increasing with the number of administered antibiotics. Simplification of the antibiotic treatments should be considered, and, when possible, monotherapy should be used to avoid PDDIs.

In a recently published study conducted on 54 549 pediatric ICU patients, 75.2% were exposed to at least 1 PDDI \[[@b7-medscimonit-24-4240]\]. In another study, Uijtendaal et al. assessed prevalence of PDDIs as 54% of all ICU patients \[[@b5-medscimonit-24-4240]\]. In a study conducted among elderly patients, prevalence of PDDIs was 62.2% \[[@b18-medscimonit-24-4240]\]. The prevalence of PDDIs in the present study is in line with the findings of the aforementioned studies. We found that 53.6% of the patients exposed to at least 1 PDDI and also 22.7% of the patients exposed to at least 1 PDDI were related to antimicrobials.

Linezolid is a reversible, nonselective inhibitor of monoamine oxidase and prevents the breakdown of serotonin. Linezolid generally interacted with the serotonergic (e.g., antidepressants and anti-epileptics) and adrenergic (e.g., sympathomimetic, vasopressive, and dopaminergic agents) drugs \[[@b19-medscimonit-24-4240]\]. Dai et al. found that linezolid was responsible for 3 of the most prevalent 10 contraindicated interactions \[[@b7-medscimonit-24-4240]\]. We also found that linezolid was one of drugs most often contraindicated and most often responsible for major PDDIs. Serotonin toxicity, a potentially fatal status with a wide range of severity, has been reported to be associated with use of linezolid when concomitantly used with serotonergic agents. Selective serotonin reuptake inhibitors (SSRI), opioid analgesics, and anti-epileptic drugs commonly interact with linezolid \[[@b20-medscimonit-24-4240]\]. Use of these risky co-medications should be carefully considered to avoid serotonin syndrome. In the present study we noticed that physicians were not aware of the risk when prescribing linezolid with other serotonergic agents. Patients who were hospitalized in certain departments (e.g., neurology, neurosurgery, psychiatry, and ICU) are more likely to be treated with this type of serotonergic medication. Physicians should be more cautious while prescribing linezolid, especially in these departments.

All triazole antifungal agents are inhibitors of 1 or more phase 1 (cytochrome p450) biotransformation enzymes and may also be the inhibitors or substrates of a phase 2 biotransformation enzyme or transporter protein. Because of these properties, triazoles frequently interact with other drugs and may cause severe clinical conditions \[[@b21-medscimonit-24-4240]\]. In our study, 17 patients who were treated with triazoles had 20 PDDIs. Two of them were contraindicated and 2 of them were major PDDIs. Despite the lower number of triazole prescriptions, PDDIs were relatively high. In a study conducted in patients treated with mold-active triazoles, 82% of voriconazole, 61% of itraconazole, and 83% of posaconazole hospitalizations had at least 1 severe drug interaction \[[@b22-medscimonit-24-4240]\]. Due to higher PDDI risk, triazoles should also be prescribed cautiously.

In our study, macrolides and quinolones were also commonly prescribed drugs associated with PDDIs, as were triazoles and linezolid. We found that macrolides and quinolones were responsible for 34 (56%) of 61 major PDDIs, 35 (45%) of 78 moderate PDDIs, and all of the minor PDDIs. Similar to our findings, Fantaye et al. found that ciprofloxacin and clarithromycin were the only drugs responsible for contraindicated PDDIs and are among the leading antimicrobials responsible for major PDDIs \[[@b18-medscimonit-24-4240]\]. Some quinolones and macrolides are associated with QT interval prolongation and may cause a life-threatening arrhythmia called torsades de pointes \[[@b23-medscimonit-24-4240],[@b24-medscimonit-24-4240]\]. There are many commercially available drugs, including antimicrobials, antidepressants, and cardiovascular drugs, that can cause QT interval prolongation. Co-medication with QT interval-prolonging drugs and quinolone or macrolide antimicrobials should be avoided.

Approximately 90% of the drugs are metabolized by 6 main enzymes: CYP 1A2, 2C9, 2C19, 2D6, 2E1, and 3A4/5 \[[@b25-medscimonit-24-4240]\]. Ciprofloxacin is a well-known hepatic CYP 1A2 inhibitor \[[@b26-medscimonit-24-4240]\]. CYP1A2 inhibition can cause alteration of the metabolism of many important drugs like theophylline, clozapine, olanzapine, and caffeine \[[@b27-medscimonit-24-4240]\]. In the present study, quinolones were most commonly responsible for PDDIs. Due to its well-known CYP1A2 inhibition, when prescribing ciprofloxacin, other drugs that are potential substrates of this enzyme should be used with caution.

In our study, while cephalosporins and carbapenems were the most commonly prescribed antimicrobials, we did not detect any PDDIs with these antimicrobials. Cephalosporins and carbapenems are generally safe antimicrobials for PDDIs and should usually be preferred to quinolones, macrolides, or linezolid.

Drug interaction studies show that polypharmacy is a well-known risk factor for PDDIs. The level of risk increases with the number of concomitantly used drugs \[[@b28-medscimonit-24-4240],[@b29-medscimonit-24-4240]\]. Advanced age and multiple prescribers are also other risk factors \[[@b30-medscimonit-24-4240]\]. In our study, we found that the number of antimicrobials and number of other drugs used are associated with higher risk of PDDIs. as As a precaution, safer drugs such as cephalosporins and carbapenems should also usually be preferred at this patient group using many medications.

We also found that the patients hospitalized in the university hospitals were at higher risk of PDDIs with antimicrobials than the patients in the non-university hospitals. This could be due to the hospitalization of more severe and complicated patients to the university hospitals, as well as the training and less experienced physicians working. Education on PDDIs in training programs may be solution to at least part of this problem.

Our study has the advantages of being a multicenter study in hospitals of various sizes. The study also has some limitations. An important limitation is its evaluation of the potential interactions and not reporting the actual clinical occurrence of interactions. One other limitation is that, because it is a point-prevalence study, it reflects the situation at a particular moment, and wider data could be obtained if the study was conducted over a period of time. Another limitation is the lack of information about indications of drugs. Further data characterizing the patients who were prescribed these antimicrobials *vs.* other antimicrobials (such as B-lactams) could be useful in identifying ways to decrease use of these problematic medications.

In our opinion, awareness about PDDIs was increased among the physicians who participated in our study, and larger, longitudinal studies could be helpful in raising this awareness. Finally, a center's individual data and the whole output can be shared in meetings and further spread by this dissemination of this article.

Conclusions
===========

Antimicrobials are one of the leading drug groups involved in general PDDIs, and all antimicrobials should be checked for PDDIs before prescribing. Physicians should be more cautious when prescribing antimicrobials, particularly quinolones, linezolid, azoles, metronidazole, and clarithromycin, and mobile device applications can be practical and helpful when prescribing. Warnings from integrated commercial PDDI databases to the hospital information management systems also can raise awareness among prescribers, and input from clinical pharmacists could also be helpful.
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###### 

Characteristics of the patients in different hospitals.

  Hospital   Patients, n   Age, (mean ±SD)   Male, n (%)   Internal Medicine Clinics n (%)   Surgical Clinics n (%)
  ---------- ------------- ----------------- ------------- --------------------------------- ------------------------
  CUH        168           55±16             77 (45.8)     85 (50.6)                         83 (49.4)
  ANTRH      97            58±18             53 (54.6)     48 (49.5)                         49 (50.5)
  ZBEUH      56            64±13             26 (46.4)     36 (64.3)                         20 (35.7)
  KSH        55            57±22             26 (47.3)     21 (38.2)                         34 (61.8)
  KUH        51            58±17             26 (51)       34 (66.7)                         17 (33.3)
  Total      427           57±18             208 (48.7)    224 (52.5)                        203 (47.5)

CUH -- Cukurova University Hospital; ANTRH -- Adana Numune Training and Resarch Hospital; ZBEUH -- Zonguldak Bulent Ecevit University Hospital; KSH -- Kahta State Hospital; KUH -- Kırıkkale University Hospital.

###### 

Number of contraindicated, major, moderate and minor PDDIs with antimicrobials and other drugs.

                              Contraindicated   Major        Moderate     Minor      Total (%)
  --------------------------- ----------------- ------------ ------------ ---------- -------------
  PDDIs with antimicrobials   5                 61           78           9          153 (26.4)
  Other PDDIs                 7                 159          229          31         426 (73.6)
  Total (%)                   12 (2.0)          220 (38.0)   307 (53.0)   40 (7.0)   579 (100.0)

PDDIs -- potential drug--drug interactions.

###### 

Number of PDDIs due to different antimicrobial groups.

  Antibiotic groups                                                      No. of used antimicrobials (%)   No. of contraindicated PDDIs   No. of major PDDIs                                           No. of moderate PDDIs                                          No. of minor PDDIs
  ---------------------------------------------------------------------- -------------------------------- ------------------------------ ------------------------------------------------------------ -------------------------------------------------------------- --------------------
  Cephalosporins                                                         155 (23.0)                       --                             --                                                           --                                                             --
  Carbapenems                                                            130 (19.3)                       --                             --                                                           --                                                             --
  Penicillins                                                            75 (11.1)                        --                             2                                                            --                                                             --
  Quinolones                                                             69 (10.3)                        --                             27                                                           28                                                             5
  Metronidazole                                                          62 (9.2)                         --                             17                                                           14                                                             --
  Tigecycline                                                            34 (5.1)                         --                             --                                                           2                                                              --
  Glycopeptides                                                          24 (3.6)                         --                             --                                                           --                                                             --
  Colistin                                                               18 (2.7)                         --                             --                                                           --                                                             --
  Triazoles                                                              17 (2.5)                         2                              2                                                            16                                                             --
  Linezolid                                                              16 (2.4)                         3                              10                                                           4                                                              --
  Anti-tuberculous[\*](#tfn4-medscimonit-24-4240){ref-type="table-fn"}   14 (2.1)                         --                             --                                                           8                                                              --
  Daptomycin                                                             11 (1.6)                         --                             --                                                           --                                                             --
  Clarithromycin                                                         9 (1.3)                          --                             7                                                            7                                                              4
  Tetracycline                                                           9 (1.3)                          --                             --                                                           --                                                             --
  Other[\*\*](#tfn5-medscimonit-24-4240){ref-type="table-fn"}            30 (4.5)                         --                             1                                                            1                                                              --
  Total, n (%)                                                           673 (100.0)                      5                              66[\*\*\*](#tfn6-medscimonit-24-4240){ref-type="table-fn"}   80[\*\*\*\*](#tfn7-medscimonit-24-4240){ref-type="table-fn"}   9

PDDIs -- potential drug--drug interactions.

Isoniazid, Rifampicin, Pyrazinamide, Ethambutol;

Acyclovir, Valacyclovir, Entecavir, Amikacin, Gentamicin, Clindamycin, Fusidic Acid, Co-Trimoxosazole, Liposomal Amphotericin B, Anidulafungin, Caspofungin, Terbinafine.

Actual major interaction number was 61, but it was shown in the table 66 because ciprofloxacin and metronidazole interacted with each other five times.

Actual moderate interaction number was 78, but it was shown in the table 80 because Linezolid and Rifampicin interacted with each other two times.

###### 

Drug interactions and potential adverse drug events.

  Drug--drug combination                                             Potential Adverse Drug Events                                            No. of patients
  ------------------------------------------------------------------ ------------------------------------------------------------------------ -----------------
  **Contraindicated**                                                                                                                         
  Linezolid-Carbamezepine                                            Increased risk of serotonin syndrome                                     1
  Linezolid-Venlafaxin                                               Increased risk of serotonin syndrome                                     1
  Linezolid-Citalopram                                               Increased risk of serotonin syndrome                                     1
  Fluconazole-Granisetron                                            Increased risk of QT interval prolongation                               1
  Voriconazole-Carbamazepine                                         Reduced systemic exposure to voriconazole                                1
  **Major**[\*](#tfn8-medscimonit-24-4240){ref-type="table-fn"}                                                                               
  Ciprofloxacin-Metronidazole                                        Increased risk of QT interval prolongation                               5
  Linezolid-Tramadol                                                 Increased risk of serotonin syndrome                                     4
  Clarithromycin-Tramadol                                            Increased risk of serotonin syndrome,seizure                             3
  Ciprofloxacin-Insulin                                              Changes in blood glucose (hypo/hyperglycemia)                            3
  Linezolid-Fentanyl                                                 Increased risk of serotonin syndrome                                     3
  Linezolid-Morphine                                                 Potentiation of the CNS and respiratory depressant effects of morphine   2
  Metronidazole-Famotidine                                           Increased risk of QT interval prolongation                               2
  Metronidazole-Quetiapine                                           Increased risk of QT interval prolongation                               2
  Moxifloxacin-Insulin                                               Changes in blood glucose (hypo/hyperglycemia)                            2
  Metronidazole-Trazodone                                            Increased risk of QT interval prolongation                               2
  **Moderate**[\*](#tfn8-medscimonit-24-4240){ref-type="table-fn"}                                                                            
  Metronidazole-Diclofenac                                           Increased level or effect of diclofenac                                  14
  Moxifloxacin-Methylprednisolone                                    Increased risk for tendon rupture                                        9
  Fluconazole-Pantoprazole                                           Increased plasma concentration of pantoprazol                            5
  Moxifloxacin-Budesonide                                            Increased risk for tendon rupture                                        5
  Clarithromycin-Budesonide                                          Increased budesonide plasma conconcentrations                            4
  Ciprofloxacin-Budesonide                                           Increased risk for tendon rupture                                        3
  Clarithromycin-MethylPrednisolone                                  Increased risk of metilprednisolone side effects                         3
  Ciprofloxacin-Diclofenac                                           Increased ciprofloxacin plasma conconcentrations                         2
  Linezolid-Rifampicin                                               Subtherapeutic linezolid serum concentrations                            2
  Tigecycline-Warfarine                                              Increased warfarin exposure                                              2
  **Minor**                                                                                                                                   
  Ciprofloxacin-Metoprolol                                           Bradycardia, hypotension                                                 3
  Ciprofloxacin-Propranolol                                          Bradycardia, hypotension                                                 2
  Clarithromycin-Theophylline                                        Theophylline toxicity                                                    2
  Clarithromycin-Lansoprazol                                         Glossitis, stomatitis, or black tongue                                   2

Most prevalent ten interactions are shown.

###### 

Comparisons of patients whether they have PDDI with antimicrobials or not.

  Characteristics                                  PDDIs with antimicrobial (n=97)   None-PDDIs with antimicrobial (n=330)   p
  ------------------------------------------------ --------------------------------- --------------------------------------- ----------
  Age (mean±SD)                                    58.7±15.1                         56.8±18.1                               0.465
  Male, n (%)                                      54 (55.7)                         154 (46.7)                              0.133
  Female, n (%)                                    43 (44.3)                         176 (53.3)                              
  ICU, n (%)                                       21 (21.7)                         87 (26.3)                               0.348
  Non-ICU, n (%)                                   76 (78.3)                         243 (73.7)                              
  University Hospital, n (%)                       76 (78.3)                         199 (60.3)                              0.001
  Non-university Hospital, n (%)                   21 (21.7)                         131 (39.7)                              
  Internal Medicine Clinics, n (%)                 63 (64.9)                         161 (48.8)                              0.005
  Surgical Clinics, n (%)                          37 (38.1)                         169 (51.2)                              
  Number of drugs, \[median, (min--max)\]          8 (4--14)                         6 (1--16)                               \<0.0001
  Number of antimicrobials \[median, min--max)\]   2 (1--6)                          1 (1--4)                                \<0.0001

PDDIs -- potenntial drug--drug interactions; ICU -- Intensive Care Unit.
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